Two types of photoinitiator are considered: (1) transition metal complexes (mainly carbonyls), (2) chelates of transition metals. In systems of type (1) the metal is in a low oxidation statc and an organic halide is gencrally, but not always, present; on thc other hand, in (2) the metal is initially in a high oxidation state. Camparisan between photo-and thermal-initiation is made for each type.
It is concluded that photoinitiation of free-radical polymerization by transition metal carbonyls may proceed by at least three routes: (i) electron-transfer to organic halide with rupture of a C-Cl or C · Br bond, (ii) rcaction with a strongly electron attracting monomer such as C 2 F 4 without rupture of C-F to form an initiating radical, (iii) hydrogen atom-transfer from monomer (or solvent) to a photoexcited mctal carbonyl species.
A study of photoinitiation by Mn 111 acetylacetonate Mn(acac) 3 and Mnm 1,1, 1-trifluoroacetylacetonate M n(facac ) 3 shows that the monomer selectivity encountered in thermal initiation is absent. The quantum yield for initiation is low (10- 2 to 10-3 ) in both systems. With Mn(acac) 3 the initiating process is scission of a Iigand as a radical acac·, with formation of a Mn 11 chelate; this reaction is not subject to significant solvent effects. On the other hand, photoinitiation by Mn(facac) 3 shows strong dependence on the solvent and the data arc interpreted in terms of exciplex formation between excited chelate and monomer (methyl methacrylate) or solvent (ethyl acetate). No exciplex is formed with benzene as diluent. A brief discussion of the natures of the photoexcited state and the state leading to decomposition is included.
We shall be concerned in this lecture with initiation of free-radical polymerization by systems of two types: (1) transition metal complexes with ligands such as carbon monoxide, aromatic isonitriles, triphenyl phosphite, generally, but not invariably, in the presence of organic halides and (2) chelates of transition metals. Systems of type (1) contain the metal in a low, often the zeroth, oxidation state, while in those of type (2) the metal is in a high oxidation state. It will later become apparent that the first group may be further subdivided depending on the precise mechanism of radical formation.
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We discuss types (1) and (2) separately: the term 'transition metal complex· will be reserved for members of group (1) . In each case we shall preface our consideration of photoinitiation by a brief outline of thermal initiation, since comparison of the two processes is often of interest. Detailed accounts ofthermal initiation, and rcferences to earlier work, may be found in references 1 and 2.
INITIATION BY TRANSITION METAL COMPLEXES 1.1 Transition metal complexjhalide systems

Thermalinitiation
The initiai reaction in the thermal generation of free radicals in these systcms is a potentially rate-determining Iigand scission (SN I) or Iigand exchange (SN2) occurring without change in the oxidation state of the metal.
These processes are illustrated by equations (la), (2) .
SNl :Ni{P(0Phh} 4 +± Ni{P(OPhhh + P(OPhh (a) 11M (b) M··Ni{P(0Phh} 3 (1)
The coordinatively unsaturatcd species formed in the SNl process (la) rapidly adds monomer M in (1 b) to give complex (1) , which by redox reaction with the halide yields initiating free radicals, e.g. as shown in (3). Equation (2) depicts SN2 Iigand-exchange with monomer, but other compounds which are electron-donors may also participate. The resulting complex (I) reacts with the halide according to (3) .
(I)+ CC1 4 -CC1 3 + ... (3) In (3) the metal acquires a higher oxidation state and a halogen atom is cleaved from the halide and becomes associated with the metai as an anionic Iigand. The radical-generating reaction does not invariably follow the course shown in (3). Thus electron-transfer to a halide R-Cl may resu]t in the forrnation of R-and Cl· if R is a sufficiently strong electron-acceptor: this type of reaction has so far been encountered only with organonickel derivatives. Few of these redox processes have been studied in any detail; they can be kinetically compiex, and their mechanisms will not be discussed further here. They are generally relatively fast reactions and only become rate-determining at low halide concentrations. At 'high' [halide] the forward reactions in ( 1 a), (2) are rate-determining, so that the rate of radical generation is zero order in [halide J und er these conditions. (The absolute halide concentration corresponding to these kinetic features depends on the system; thus 'high" halide kinetics are encountered in Mo(C0) 6 The simple kinetic schemes we have described are capable of accounting for most of the experimental data on systems of type (1). To summarize, under normal conditions the organametallic derivatives do not enter into direct reaction with the halidc components of the initiating system: they are first converted into more reactive species by SNl or SN2 processes.
Photoinitiation
Carbonyls of Group V I A-Ultra-violet irradiation (.A < 350 nm) of simple metal carbonyls results in scission of carbon monoxide and formation of a coordinativcly unsaturated species:
In (4) M represents the metal atom. A summary of the experimental evidence with the relevant theoretical background for this type of primary photochemical process has been given in a review by Koerner von Gustorf and Grevels 3 . The product M(CO)" 1 may combine with carbon monoxide to regenerate the original carbonyl, or it may react by addition of an n-or rr-donor S (e.g. the monomer) according to (5) .
More complex reactions arc also possible, for example, with other metal carbonyls in the system, or with certain molccules of type X-Y which may add with splitting of the X-Y bond.
Reactions (4) and (5) clearly constitute an SNl mechanism for Iigand replacement. Their occurrence with Group VIA carbonyls and several types of n-donor has been demonstrated by Strohmeier and Dobson and their colleagues 4 -7 • Many examples are known 3 of photochcmical substitution in transition metal carbonyls by n-and rr-donors, occurring by processes essentially similar to (4) and (5) . Ligand exchange by an SN2 route is also possible with more complex carbonyls ~ here the photoexcited carbonyl reacts directly with the Iigand before dissociation 3 • Weshall not consider these reactions further here.
The species S··· M(C0)"_ 1 arising from (4), (5) are the same as the complexes, previously designated as (I), which are formed by the thermal reactions discussed earlier. They would therefore be expected to react with suitable halides in a manner represented by (3), with generation of free radicals. Thus mixtures of simple carbonyls and halides should behave as photoinitiators of free-radical polymerization. Many such systems have been found to function in this way, although the amount of mechanistic information deducible from the experimental results is unfortunately small. Complexes formed by irradiation of Fe(C0) 5 Figure 1 ; the same spectrum is obtained from benzene solutions. The polymerization of methyl methacrylate photosensitized by Mn 2 (C0) 10 /CC1 4 was first studied by Bamford, Crowe and Wayne 16 . At constant absorbed intensity, the rate of polymerization was found to depend on [CC1 4 ] in the manner already described forthermal initiation. However, the sharpness of thc dependence varies inversely with the absorbed intensitythe higher the intensity, the greater the value of [CCI 4 ] required to achieve a given fraction of the limiting rate (see Figure 2 ). This observation suggests destruction of active intermediates by a process which is second-order in their concentration.
The quantum yield for photoinitiation at effectively limiting [CC1 4 ] was shown to be close to unity 16 . Subsequently this result has been obtained with many other monomers (in fact, with all those studied) 20 • 21 . Re 2 (C0) 10 / CC1 4 has only been examined with methyl methacrylate 17 ; in this case also a similar quantum yield is found for short reaction times (A. = 365 nm). (The reason for the restriction will become apparent later.) In all these systems, therefore, each quantum absorbed Ieads to one initiating radical. If the primary dissociation were the symmetrical fission (7) (M = Mn or Re) some component reaction (or combination of reactions) must be 50 per cent efficient to account for the observed quantum yield. Bamford, Crowe, Hobbs and Wayne 17 reported that no carbon monoxide is evolved during irradiation of Mn 2 (C0) 10 in the absence of halide; they therefore suggested that the primary unsymmetrical fission (8) provides the most acceptable way of accounting for the quantum yield data. initiates polymerization by reaction with halide. This proposal was supported by observations on rhenium carbonyl which will be described below. According to the more recent findingsofKwok 1 Y, each molecule ofMn 2 (C0) 10 consumed generates two radicals; this is consistent with (8) if Mn 2 (C0) 10 is reformed from Mn(C0) 6 by the stoichiometric process: (9) Polymerizations photoinitiated (.A = 365 nm) by Re 2 (C0) 10 show a longlived after-effect, persisting for several hours at room temperatures after irradiation has been discontinued 17 . The after-effect, which is shown by several monomers, is quite distinct from (and much more pronounced than) that associated with the finite rate of normal free-radical decay. lt does not originate in thermal initiation by Re 2 (C0) 10 , which is extremely slow at 25oC 22 . After-effects of this kind are not shown by systems containing Mn 2 (C0) 10 in the absence of additives (vide infra). Bamford, Crowe, Hobbs and Wayne 17 proposed that the prolonged after-effects arise from reaction between Re(CO){J formed in (8) and CC1 4 . Thus, with Re(C0) 6 , (9) is relatively slow, and the thermal reaction between Re(C0) 6 and CC1 4 generates radicals and so is responsible for the after-effect. On the other hand, Mn(C0) 6 reacts rapidly according to (9) , and little after-effect is observable. Supporting evidence for this view was provided by the observation 23 that a solution of Re 2 (C0) 10 in methyl methacrylate, after a short irradiation (). = 365 nm) and subsequent standing in the dark for one hour, produces polymer when added to a mixture of monomer and carbon tetrachloride. (No significant polymerization occurs during irradiation.) With manganese carbonyl, intermediates formcd on irradiation decayed much more rapidly. The divergent behaviour of the two systems may therefore originate in differences between the relative rates of reactions such as (9) .
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We may now consider the overall reaction scheme (10) which is based on these ideas.
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Trichloromethyl radicals generated in (1 Oe) are responsible for the initiation of polymerization; this was proved to be so by the work of Bamford, Bastmond and Robinson 24 in which the halide component was CC1 4 enriched with 14 CC1 4 . The major manganese product for short irradiation times is Mn(C0) 5 Cl, in accordance with the observations ofKwok 19 and ofBamford, Burley and Coldbeck 25 t. We distinguish between two cases: (i) in which reaction (lOe) is first order, and (ii) in which (lOe) is second order in [Mn(C0) 6 ]. By assuming stationary concentrations of Mn(C0) 4 and Mn(C0) 6 we may derive the following relations if all CC1 3 radicals initiate polymerization. Case (i):
In these equations w = -d[M]/dt is the rate of polymerization, kP, k 1 are the velocity coefficients for propagation and termination, respectively, and a = k 3 k 4 /k 2 . Bamford, Crowe and Wayne 16 reported that (with [M] constant) w/Itbs is a function ofthe singlevariable [CC1 4 ]/Iabs· Equation (11) shows that this holds for Case (i); on the other hand, it is not valid for Case (ii) [ equation (12)]. (We may note at this point that the simple mechanism comprising symmetrical fission (7), the reverse recombination of 2Mn(C0) 5 and a radical-generating reaction between Mn(C0) 5 Figure 2) . Although equation (12) 
.43 molt I-t st) predicts the general pattem of the observations in Figure 2 quantitatively, it is less satisfactory than (11). We therefore conclude that the most satisfactory agreement with experiment is obtained if (lOe) is a first-order process.
Although the Mn 2 (C0) 10 /CC1 4 system does not give rise to marked after-effects with bulk monomer, prolonged after-effects are found in the presence of certain additives (S), notably cyclohexanone and acetylacetone; other ketones show some activity 26 • The observed phenomena, which resemble those reported for Re 2 (C0) 10 /CC1 4 systems, support the view that the primary photolysis occurs in an unsymmetrical fashion. Typical results showing the development of the after-effect are presented in Figure 3 . No after-effect can be obtained unless the additive (S) is present during irradiation. On the other hand, the presence of monomer or halide is unnecessary, and the after-effect develops if a mixture of these compounds is added to a previously irradiated solution of Mn 2 (C0) 10 in S. lt therefore appears that solvent -"(:yclohexanone. tagether with (13), (14) representing the formation of Z and its reaction with the halide R-Cl, respectively:
Z + nR-Cl---~> nR· + ... (14) [This work was carried out at 'high' halide concentration, so that reaction (lOb) was insignificant, and was not included.] By making the assumptions that all the R· radicals formed in (14) initiate polymerization, that the decay of [Z] during the after-effect arises solely from (14) and that [RCI] is constant we may readily show that
2 ) (15) where ~[M] 1 is the conversion in the after-effect at time t after interrupting illumination, k is the first-order velocity constant for (14) and [ZJ 0 is the concentration of Z existing at t = 0. The experimental data, such as those shown in Figure 3 , conform weil to ( 15) , from which n[Z] 0 and k may therefore be estimated. Electron-spin-resonance observations indicate negligible formation of Mn" during the after-effect, so that n may be taken as unity. On this basis absolute evaluation of [Z] 0 is possible. lt turns out that [Z] 0 increases as the volume fraction ofS increases, the maximum value approaching the total concentration of radicals [R·]totai arising from (lOa, c) during irradiation. This result clearly supports the mechanism outlined; of the two photolytic products (produced in equal concentration), Mn(C0) 4 yields radicals by (lOc) and Mn(C0) 6 yields Z through (13) . Further, the rate of initiation during irradiation is not sensibly decreased by the presence of acetylacetone, showing that the latter does not deactivate an intermediate Hitherto we have implied that the monomer does not partake in the formation of a long-lived initiator. Inspection of Figure 3 shows that this is not strictly true; although the after-effect in monomer plus benzene is relatively small, it is nevertheless much larger than anormal photochemical after-effect. Probably a species of the type Z is formed from the monomer in low concentration and/or of low activity.
Most of the quantitative work on the after-effect has been carried out with smalllight doses; prolonged irradiation Ieads to complications arising from photolysis of Z. The reader may consult the original paper 10 for an account of this, and for further details of the kinetic treatment.
To summarize, the function of the additive in promoting the after-effect is to 'trap' the species Mn(C0) 6 , preventing its disappearance by (1 Oe) and converting it into the derivative Z which, although relatively stable, is able to react with the halide and so initiate polymerization. We may note that the limiting overall quantum yield for radical generation, including radicals formed during irradiation and the after-effect, is two.
Other initiating systems based on transition metal complexes
Carbonyls of Groups V 1/A and VIII
Initiation processcs so far discussed involve electron-transfer to an organic halidc with consequent rupture of a carbon-halogen bond. We may enquire whethcr any othcr mechanisms of radical generation exist in related systems. 4 ] to TFE, producing in the first place a radical anion and resulting ultimately in a species containing a Mn--C bond:
Further work on these new reactions is proceeding in an attempt to elucidate the nature of the products and to investigate the activities of other fluorinecontaining derivatives. We have studied photoinitiation (A. = 365 nm) by osmium carbonyl Os 3 (C0) 12 , and mention here a few points of interest 29 . Osmium carbonyl resembles rhenium carbonyl 17 in that polymerization of methyl methacrylate is initiated at an appreciable rate without addition of halide. We do not believe that this result is to be attributed to the presence of halide or other impurities in the monomer. Methyl methacrylate which has been saturated with Os 3 (C0h 2 , irradiated for at least 6 h and distilled ofT, behaves in the same manner as the original monomer towards both Os 3 (C0) 12 and Re 2 (C0) 1 0 • Addition of carbon tetrachloride Ieads to only moderate increases in the rate of initiation [ Figure 4 , curve (i)]; this halide curve may be contrasted with those for Mn 2 (C0) 10 in Figure 2 . When osmium or rhenium carbonyls are irradiated (). = 365 nm) in cyclohexane solution, dicyclohexyl is formed, and infra-red examination of the osmium-containing products suggests the presence of osmium carbonyl hydrides. These findings are consistent with hydrogen-atom abstraction from cyclohexane by a photoexcited osmium species giving rise to cyclohexyl radicals which subsequently dimerize. It seems possible that hydrogen-atom abstraction from monomer is similarly responsible for initiation in the absence of halide.
A further unusual feature of photoinitiation by Os 3 (C0) 12 /CCI 4 is shown in Figure 4 [ curve (ii)], which indicates that the rate of initiation is markedly increased by addition of dimethylsulphoxide. Many other strong electron-donors behave similarly. No such effect is found with Mn 2 (C0) 10 / CC1 4 systems. The overall polymerization has an order in [monomer J exceeding unity, showing that monomer is involved in initiation. Probably photolytic osmium carbonyl fragments are solvated by monomer before reaction with CC1 4 . Additional complex formation with electron-donors increases the rate of reaction with halide by further stabilization of incipient osmium cations. It is interesting that the rate of initiation in the absence of halide is decreased, not increased, by addition of dimethylsulphoxide, suggesting that initiation under these conditions does not involve a ratedetermining electron transfer. Concluding remarks-Our discussion has shown that photoinitiation of free-radical polymerization by transition metal carbonyls may proceed by three routes, viz. (i) electron-transfer to an organic halide with rupture of a C-····Cl or C-Br bond, (ii) electron-transfer to a strongly electron-attracting monomer such a<; C 2 F 4 , probably without rupture of C-F, (iii) hydrogenatom-transfer from monomer (or perhaps solvent) to a photoexcited metal carbonyl species. Of these (i) is the most frequently encountered.
INITIATION BY TRANSITION METAL CHELATES
Thermalinitiation
Many A different situation is encountered with manganese(m) 1,1 ,1-trifluoroacetylacetonate [Mnm(facachJ. This chelate is much more active than Mn(acach in initiating the polymerizations of methyl methacrylate and acrylonitrile in the temperature range 60o to 80°C but it is relatively inactive towards styrene and vinyl acetate. Indeed, a kinetic analysis suggests that no initiation occurs with styrene 32 • lt has been suggested that the strong electron-attracting properties of the CF 3 group impose a polar route on the initiation process, the primary step being heterolytic [ equation ( 18) ] rather than homolytic as in (17) .
If the monomer has a sufficiently high electron-accepting capacity (i.e. if it is readily susceptible to anionic polymerization) it may add to the anionic moiety in (18) (probably to C3) to give a monomer anion which is then oxidized by the Mnm atom in the same molecule to produce an initiating radical 32 . These two processes may perhaps be more precisely described as monomer insertion followed by oxidation. They would clearly occur much more readily with methyl methacrylate and acrylonitrile than with the less polar monomers and could account for the high degree of monomer selectivity exhibited in initiation.
The rate of initiation by Mn(acach is greatly augmented (in some cases up to 1000-fold) by the presence of donor additives such as dimethylsulphoxide (DMSO), 1,2-diaminopropane or aldehyde and ketones, so that these systems become active initiators at room temperatures 33 36 . Carboxylic acids also aceeierate initiation 3 7 • A full discussion of this aspect would not be in place here. We merely note that, at least with DMSO and the basic additives, some monomer selectivity of the type already discussed makes its appearance 36 , and that the initiating species is a Iigand radical 34 • 36 . The salient experimental findings are consistent with an extension of the type of mechanism described above.
Photoinitiation
Relatively little attention has been paid to photoinitiation by chelates. We have investigated 38 the photochemistry of Mn(acach and Mn(facach in methyl methacrylate and styrene, and in mixtures of the former monomer with ethyl acetate and benzene. The absorption spectra of the two chelates are shown in Figure 5 . Our work has been confined to A. = 365 nm, at which wavelength the extinction coefficients are Mn(acach 2900, Mn(facach 3 700 mol-1 1 cm-1 . To avoid strong light absorption in kinetic studies, low chelate concentrations (::t> 10-4 moll-1 ) and short path lengths were used.
Polymerizations of methyl methacrylate and styrene photoinitiated at 25°C by Mn(acach show the normal kinetics of unretarded free-radical polymerizations, the rate being proportional to Rates of chelate decomposition were measured spectrophotometrically at A. = 350 nm. The optical density decreases exponentially with time, corresponding to first-order chelate decomposition. In bulk monomer the first-order rate coefficient is proportional to 1 0 and the quantum yield for decomposition </Jd = 2 x 10-2 , approximately. Surprisingly, the coefficient was found to depend linearly on the monomer concentration, as shown in Figure 6 , the results again being independent of the nature of the diluent. These experiments illustrate the stability of the chelate ring towards photolysis; 97.9 per cent of the absorbed light causes no permanent chemical change. No fluorescence from the chelate could be detected in dilute moll- 1 ) solutions in benzene or methanol over a wide range of wavelengths. The volatile products of photolysis of Mn(acach in benzene and cyclohexane were found to be biphenyl and bicyclohexyl, respectively, tagether with acetylacetone. Cyclohexene, if present, would not have been detected. These findings are consistent with primary formation of acetylacetonyl radicals (acac·) from the chelate, followed by hydrogen atom abstraction from the solvent, giving radicals which subsequently dimerize.
A simple mechanism which accounts for the observation is presented in (19) .
Mnm(acach + hv_k!Io Mn(acac)'r ~Mn 11 (acach + acac · LI k31M (19) inactivc products
The deactivation (k_ 1 ) must be important in view of the low quantum yields. It may be a radiationless process or a cage recombination; the former seems preferable on chemical grounds. Distinction between the two might be possible if quantum yield measurements over a range of wavelengths were available. Reaction between Mn(acac)f and monomer (k 3 ) is included to allow for the enhanced rate of chelate decomposition in the presence of monomer. The nature of this reaction, which occurs with both monomers at the same rate, is obscure. It cannot involve polymer radicals since its rate is monomer-dependent An overall process which is non-radical-forming is difficult to formulate without the assumption that two ligands become detached as radicals from the same chelate molecule, effectively simultaneously; in this event the radicals may add to the monomer molecule, the whole reaction occurring without escape of radical intermediates. The Mn 1 product might subsequently disproportionate with Mn 10 to yield Mn 11 • Using the approximation
, we obtain from (19) :
Comparison with the experimental data then yields the numerical values given in (21) . quantum yield of initiation is low, 1.5 x 10-3 , approximately. In marked cantrast to the results with Mn(acach, the rate of photoinitiation is subject to a pronounced solvent effect (Figure 7) . Dilution of bulk monomer with an equal volume of ethyl acetate has little effect on the rate of initiation, whereas similar dilution with benzene almost halves the rate. Further, rates of chelate decomposition and rates of initiation are equal, within the Iimits of experimental error, over the whole range of composition (Figure 7 ). There is therefore no significant reaction leading to destruction of the chelate without radical formation and c/Ji = c/Jd. Rates of initiation and retardation may be estimated by a procedure similar to that used by Bamford and Lind 32 ; it turnsout that the rate ofinitiation for bulk styrene is effectively the same asthat for bulk methyl methacrylate. Monomer selectivity, which is such a pronounced feature in thermal initiation by Mn(facach ( §2.1), is therefore absent from photoinitiation.
The products of photo Iysis of the chelate in benzene and cyclohexane were found to be biphenyl and bicyclohexyl: 1,1, 1-trifluoroacetylacetone was identified in the benzene solution, but could not be identified conclusively in the cyclohexane solution, probably on account of the low solubility of the chelate in this solvent. The primary decomposition under these conditions is therefore likely to be scission of a Iigand as the free radical facac·.
We now consider the mechanism of photoinitiation by Mn(facach. The solvent dependences shown in Figure 7 are unlikely to arise from reaction of either solvent (benzene or ethyl acetate) with initiating radicals; over the greater part of the concentration range these radicals would be captured by monomer and would not react with solvent. Neither solvent has a significant effect on chain propagation. Thus deactivation of excited species by the solvents and the participation of monomer in radical generation are likely to be involved. Since the chelate (Q is photolysed at approximately the same rates in benzene and ethyl acetate solution, it is reasonable to suppose that direct deactivation by the solvents of the excited species formed by light absorption (C*) does not play a major role, unless these processes happen to be equally efficient in the two media. We therefore believe that the radiationless process C *--+-C is of predominating importance, as with Mn(acach.
Inspection of thc curves in Figure 7 shows that methyl methacrylate enters into reactions leading to initiation and chelate decomposition. The results in the region close to vm = 0 ( vm is the volume fraction of monomer) further suggest that an excited species may be involved which is rapidly deactivated by benzene, but less readily by ethyl acetate. We therefore investigated the simple scheme shown in (22) in which E, B represent ethyl acetate and benzene, respectively, and C' is an excited species arising from C*.
This scheme, however, does not provide a good fit to the experimental data. A more satisfactory mechanism is obtained by assuming th~t C* forms an exciplex CM* with the monomer, which may revert to C + M or decompose into facacM· radicals and Mn 11 (facach. This alone is inadequate, since it Predicts a linear relation between f and Vm, which is not observed. Since J and -d[C]/dt vary little over the range of Vm from 0.3 to 1.0 in ethyl acetate, we are led to believe that monomer and ethyl acetate are to some extent interchangeable in the reaction, and that E may also form an exciplex CE*. The complete mechanism is presented in (23 
Curve (i) in Figure 7 , which is a reasonable fit to the experimental data, has been calculated from (25) , which has "the same form as (24) . 
The corresponding reaction scheme for benzene solutions is simpler and is shown in (26); the only additional reaction is deactivation of CM* by benzene.
and the related equation (28) is shown in Figure 7 curve (ii) to agree reasonably weil with the experimental data.
l + 6.9 + 2.l[BJ
The mechanisms we have proposed in (23), (26) have been shown to be in satisfactory accord with experiment; nevertheless, in view of their complexity they cannot be regarded as established by the available data. Further observations, if possible by different techniques, are clearly desirable.
General
The results described show that photolysis of Mn(acach and Mn(facach by light of 2 = 365 nm yields Iigand radicals which can initiate polymerization and abstract hydrogen atoms from hydrocarbons. We have represented these reactions as intramolecular photo-oxidation-reduction processes in equations (19) , (23) , (26) , and we therefore believe they involve Iigand ~ metal charge transfer (LMCT) excited states. In this respect the reactions resemble the photolysis 39 Barnum 40 · 41 has suggested that the bands in the spectrum of Mn(acach near 320, 390 nm correspond to dr ~ rr 4 transition, i.e. they involve electrontransfer from metal to ligand. On this basis, excited states arising from absorption at 2 = 365 nm are unlikely to be those leading directly to decomposition. Thus a radiationless transition to the reactive LMCT excited state may have to be assumed. Situations of this kind, in which there is no correlation between the primary excited state and the mode of reaction, are well recognized; an example is provided 39 by the photolysis of [Mnm(C 2 0 4 )]3-.
Barnum 40 has also pointed out that several LMCT transitions (e.g. rr 3 ~dt:) exist with energies less than 50000 cm -1 (2 > 200 nm) and has argued against these being the origins of the bands mentioned. However, if they have low probabilities their presence may not be evident, although, in view of the low quantum yields, they may be involved in photolysis.
The differences between Mn(acach and Mn(facach as thermal initiators (mainly monomer selectivity) are not apparent in photoinitiation. However, other differences between the chelates emerge, notably the roJe assigned to excipJexes with Mn(facaclJ.
